Abstract. In this paper, a novel varactor-tuned microstrip bandpass filter consisting of two dualmode open loop resonators was proposed. The two open loop resonators are placed diagonally to prevent the occurrence of resonance between them. No coupling exists between the operating oddmode and even-mode. Based on this feature, we use a simple DC bias circuit to tune the odd and even mode frequency of the resonator respectively to realize tunable passband frequency. The results show that two transmission zeros are produced at the edge of each passband, which greatly improves the frequency selectivity of the filter. This filter is tuned from 0.87 GHz to 1.03 GHz with return loss more than 20dB with nearly constant frequency response.
Introduction
With the rapid development of wireless communication systems, spectrum congestion will be more striking. In order to improve the utilization of spectrum resources, multi-passband, dynamic frequency allocation and frequency hopping spread spectrum technology are widely used, which greatly facilitate the electrical transfer or reconfigurable microwave device (such as filters) development [1] [2] [3] .
Tunable filters may be designed based on single or dual-mode resonators, and preferably in microstrip, on which dc bias circuits are easily implemented. In recent years, people are more interested in the resonant mode that each dual mode microstrip resonator may be used as a double resonant circuit, therefore, the number of resonators required for a given degree of filter is reduced by half, resulting in a compact filter configuration. For a conventional dual-mode filter, the two degenerate modes are coupled by controlling an appropriate perturbation, such as the loop filter [4] , the square loop filter [5] , and the stepped impedance ring filter [6] . On the other hand, a new type of dual-mode resonator filter based on a triangular patch has been investigated [7] , for which the dual modes do not couple. More recently, this unique characteristic has been demonstrated again with a miniature dual-mode microstrip open-loop resonator [8] , which is improved from the conventional single-mode open-loop resonator [9] . The passband insertion loss of tunable filter [10] is too high, and this filter only produces a transmission zero, whose selectivity is not good. The tunable filter [11] increased the tuning range by adding complex external circuit , while this paper only by changing size of minor L. In order to simplify the the design and to further improve the performance of the filter, in this paper, we present an investigation of a new type of miniature microstrip dual-mode resonator for filter applications. The proposed new dual-mode resonator is developed from a singlemode (operated) open-loop resonator [8] . And then we analyze the couple chacteristic of individual resonators, two transmission zeros are produced at the edge of passband, and the filter finally achieve a high bandpass performance.
Dual-Mode Open-Loop Resonator and Filter
Dual-mode open-loop resonator and filter are shown in Fig.1 . The open-loop mode resonator shown in Fig.1 Fig.1(b) , the resonator coupled with the input-output ports through the slit. Owing to the symmetric structure, the resonant characteristic of the resonator can be analyzed by the odd-even mode method. The odd-mode equivalent circuit is shown in Fig. 2 . 
where ij M (i=s,e,o;j=e,o) denotes the coupling coefficient between i and j, s denotes source, e denotes odd-mode, and o denotes even-mode. From the theoretical analysis of the coupling matrix,
Advances in Computer Science Research, volume 86
the filter will produce a transmission zero. The transmission zero lowpass prototype of normalized frequency can be expressed as:
When Ω>0, transmission zero is in the high end of the passband and when Ω< 0, transmission zero is the lower end of the passband.
Where:
Here, 0 f is the passband center frequency, o f and e f are the odd mode and even mode resonant frequency, f  is passband bandwidth. Theoretical analysis shows that a filter will produce a transmission zero and can be designed to produce at high end or low end. The two cascaded filters can produce a transmission zero in low end and high end, respectively. Adjusting the resonator in the middle of T-type structure can change the width of the transmission zero position. To prevent the occurrence of resonance between the two filters, the two filters placed diagonally, the model shown in Figure 3 . Through the above analysis, we designed microstrip filter structure shown in Figure 3 , which uses two open-loop mode resonator. The simulation results can be seen in Figure 4 . The design of microstrip filter achieves the expected results, while generating two transmission zeros, steep passband edge selectivity, and in-band loss is less than 3dB. Figure 5 is the design of the tunable filter, C is the load on the filter varactor, and six varactors work through a DC bias voltage V. Changing the width and length of L, the tuning range can be improved. When L is longer and thinner, with the change in capacitance, odd-mode resonator appears apparent frequency shift. By adjusting the size of L, the odd mode and even mode frequency show consistent frequency deviation, which can effectively adjust the filter's passband frequency and bandwidth. Tunning the voltage of varactor diode can change the capacitance values. The simulation results shown in Figure 6 , can be seen that the filter response curve of elliptic functions, and the capacitor tunes from 0.2pf to 1.4pf while center frequency changes from 0.87GHz to 1.03GHz. When passband changes, the response curve shape is consistent with the insertion loss less than 3dB, two transmission zeros close to the pass band edge selectivity. What is more, the absolute bandwidth becomes wider when the capacitance becomes large.
Summary
In summary, we have designed a novel tunable bandpass filter with two transmission zeros. Two varactor diodes are put at the open end of an open loop to adjust the resonant frequency of the odd mode, while the other varactor diode is minor and put at the center of the end of the T to adjust the even mode frequency. The center frequency of the filter is adjustable with range from 0.87GHz to 1.03GHz and return loss is greater than 20dB. Simulation results show that two transmission zeros close to the passband edge which greatly improves the frequency selectivity of the filter. The filter can find its application in a mobile communication system for GSM 900MHz.
